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Chemical  oxidation  of  LiCoP04 

Recently,  there  has  been  interest  in  the  use  of  lithium 
transition  metal  phosphates  with  an  ordered  olivine  struc¬ 
ture  LiMPCL  (M=Fe,  Mn,  and  Co)  as  potential  cathodes  for 
Li-ion  batteries  [1-9].  In  order  for  these  materials  to  be  used 
as  cathodes  it  is  important  to  understand  their  Li-ion  inser¬ 
tion/deinsertion  mechanism(s).  One  method  to  study  this  is 
chemical  oxidation.  For  example,  in  the  case  of  LiFeP04,  it 
has  been  shown  that  during  chemical  oxidation  it  exhibits 
a  single-phase  region  (LiFeP04)  then  a  two-phase  region 
(LiFeP04  and  FeP04)  and  eventually  a  single-phase  region 
(FeP04)  [1].  This  is  a  similar  mechanism  to  what  is  ob¬ 
served  using  electrochemical  oxidation  [1].  Very  recently  it 
has  been  shown  that  both  chemical  and  electrochemical  oxi¬ 
dation  ofLiMnP04  follows  the  same  mechanism  as  LiFeP04 
[8].  The  only  difference  between  the  results  for  LiFePCL 
and  LiMnPCL,  was  that  only  FePCL  was  observed  24  h  af¬ 
ter  chemical  oxidation,  where  as  both  LiMnPCL  and  MnPCL 
were  observed  after  8  days  of  chemical  oxidation.  It  was 
suggested  that  the  complete  transformation  from  LiMnPCL 
to  MnPCL  was  not  observed  because  of  kinetic  limitations 
[8].  Based  on  the  above  it  might  be  expected  that  chemi¬ 
cal  and  electrochemical  oxidation  of  LiCoPCL  should  follow 
the  same  reaction  mechanism  as  was  observed  for  LiFePCL 
and  LiMnPCL .  However,  very  preliminary  results  have  shown 
that  the  phase(s)  observed  at  the  end  of  electrochemical  ox¬ 
idation  (i.e.,  charging)  for  LiCoPCL  are  not  similar  (i.e., 
no  C0PO4)  [5,10]  to  those  observed  for  LiFePCL  [1]  and 
LiMnPCL  [8]  thus,  suggesting  a  potentially  different  reac¬ 
tion  mechanism  for  delithiation. 

It  is  the  purpose  of  this  note  to  investigate  the  chemical 
oxidation  of  LiCoPCL  to  gain  insight  into  the  delithiation 
mechanism  for  LiCoPCL- 

LiCoPCL  powders  were  obtained  using  a  two-step  solid- 
state  reaction  method.  In  the  first  step  stoichiometric  amounts 
CoO  and  Li^PCL  were  mixed  in  ajar  mill  for  two  hours  and 
then  heated  at  375  °C  for  20  h  in  air.  The  powders  were  then 
crushed  and  ground  and  pressed  into  a  pellet.  The  pellet  was 
fired  in  air  at  775  °C  for  48  h.  After  which  the  powders  were 
crushed  and  ground  and  sieved  to  less  than  45  |im.  The  pow¬ 
ders  were  characterized  by  X-ray  diffraction  using  Cu  Ka 
radiation.  The  X-ray  diffraction  pattern  revealed  that  the  ma¬ 
terial  was  single-phase  LiCoPCL  (<5%  second-phase)  with 
an  ordered  olivine  structure. 


Chemical  oxidation  of  LiCoPCL  was  undertaken  using  the 
same  procedure  that  was  used  for  LiFePCL  and  LiMnPCL 
[8,9,1 1].  Chemical  oxidation  of  LiCoPCL  was  performed  us¬ 
ing  two  equivalents  of  nitronium  tetrafluoroborate  (NO2BF4, 
Aldrich)  in  acetonitrile  that  was  continually  stirred  at  room 
temperature  in  a  glove  box  1  ppm  O2  and  1  ppm  H2O)  [  1 0] . 
Nitronium  tetrafluoroborate  should  be  successful  in  remov¬ 
ing  (oxidizing)  Li  from  LiCoPCL  since  the  redox  potential  of 
NO+/NO  is  5. 1  V  [  1 1  ],  versus  Li+/Li,  compared  to  4.7^18  V 
for  the  Co3+/Co2+  redox  potential  [3-6].  After  the  nitro¬ 
nium  tetrafluoroborate  treatment  the  powders  were  washed 
and  filtered  several  times  with  acetonitrile.  The  powders 
were  then  dried  at  70  °C  for  24  h  under  vacuum.  The  Li  and 
Co  content  (atomic  emission  spectroscopy  using  a  Perkin- 
Elmer  5 100  PC  Flame  Atomic  Absorption  Spectrometer)  and 
phases  present  (X-ray  diffraction)  were  determined  as  a  func¬ 
tion  of  time  in  the  nitronium  tetrafluoroborate/acetonitrile 
solution. 

The  Li/Co  ratio  of  the  powders  as  a  function  of  time  in  the 
nitronium  tetrafluoroborate/acetonitrile  solution  is  shown  in 
Fig.  1.  Also  shown  in  Fig.  1  is  data  for  LiMnPCL  [8]-  From 
Fig.  1,  several  important  points  are  noted.  Firstly,  it  can  be 
seen  that  chemical  extraction  of  Li  from  both  LiCoPCL  and 
LiMnPCL  is  very  similar,  in  that  initially  there  is  rapid  Li 
removal  followed  by  a  gradual  slowing  down.  Secondly,  after 
7  days  for  LiCoPCL  and  8  days  for  LiMnPCL  not  all  the  Li 


Fig.  1 .  The  Li/M  ratio  as  a  function  of  time  in  the  nitronium  tetrafluorobo- 
rate/acetonirtile  solution  for  LiCoPCL  and  LiMnPCL  [81- 
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Fig.  2.  X-ray  diffraction  patterns  of  [A]  initial  LiCoPC>4  and  [B]  after  7  days 
in  the  nitronium  tetrafluoroborate/acetonitrile  solution  (Li/Co  ~  0.32). 


has  been  removed.  The  Li/Metal  ratio  of  these  two  materials 
after  7-8  days  is  very  similar;  Li/Co  &  0.32  and  Li/Mn  & 
0.34. 

X-ray  diffraction  patterns  for  the  initial  LiCoPCU  (A)  and 
after  7  days  in  the  nitronium  tetrafluoroborate/acetonitrile 
solution  (B)  are  shown  in  Fig.  2.  From  Fig.  2  a  comparison 
of  curves  A  and  B  reveals  the  following:  (1)  no  new  crys¬ 
talline  peaks  appear,  (2)  there  is  an  amorphous  peak  (20  « 
25°),  (3)  very  slight  shift  in  the  peaks  to  lower  20  values, 
(4)  the  peaks  have  become  broader  and  (5)  lower  in  inten¬ 
sity  after  chemical  oxidation.  It  should  be  noted  that  no  new 
crystalline  phases  were  present  in  powders  that  were  in  the 
nitronium  tetrafluoroborate/acetonitrile  solution  for  1  and  3 
days.  The  above  result  is  in  contrast  to  that  for  LiMnPCU 
where  at  the  same  Li  to  metal  ratio  (~0.34)  and  time  of 
etching  (8  days)  two  crystalline  phases  exist;  LiMnPC>4  and 
MnPCL  [8].  A  possible  explanation  for  this  difference  might 
be  kinetic  limitations,  as  was  suggested  for  the  difference  be¬ 
tween  LiMnPC>4  and  LiFePC>4.  Since,  LiMnPCU  has  a  smaller 
particle  size,  higher  Li-ion  diffusivity  [12]  and  lower  redox 
potential  for  Li-ion  removal  (4. 1  V  for  the  Mn3+/Mn2+  re¬ 
dox  couple  [1,8,9]  compared  to  4.7-4.8  V  for  the  Co3+/Co2+ 
redox  couple  [3-6])  LiMnPC>4  would  be  expected  to  trans¬ 
form  faster  and  thus,  maybe  LiCoPC>4  did  not  have  suffi¬ 
cient  time  to  transform  from  the  initial  singe-phase  mate¬ 
rial  to  the  two-phase  material.  Kinetic  limitations  cannot  be 
the  reason  for  this  difference  because,  both  LiCoPCU  and 
LiMnPC>4  have  the  same  initial  Li/Metal  ratio  =  1,  were  sub¬ 
jected  to  almost  the  same  time  for  chemical  oxidation  (7-8 
days)  and  both  had  the  same  final  composition,  Li/Metal 
^0.32-0.34,  after  chemical  oxidation,  if  kinetic  limitations 
existed  the  final  Li/Metal  ratio  would  be  different.  The  fact 
that  a  difference  in  the  phases  that  result  from  chemical 
oxidation  of  LiCoPCU  compared  to  LiMnPC>4  is  not  un¬ 
expected  since,  it  is  known  that  crystalline  FePCL  [1]  and 


MnPCL  [8]  exist,  whereas  no  data  could  be  found  in  the  lit¬ 
erature  for  the  existence  of  crystalline  C0PO4.  At  present, 
because  of  limited  data  the  exact  delithiation  mechanism  for 
LiCoPC>4  cannot  be  determined.  More  data  on  the  structure 
and  phases  that  form  during  electrochemical  removal  of  Li 
from  LiCoPC>4  are  needed.  The  results  of  this  study  sug¬ 
gest  that  chemical  oxidation  of  LiCoPCL  is  different  from 
what  was  observed  for  LiFePC>4  and  LiMnPCL,  suggesting 
that  their  electrochemical  oxidation  behavior  will  be  differ¬ 
ent,  which  is  in  agreement  with  preliminary  electrochemical 
results. 
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